A growing need for detailed process information exists within the food industry. However many small to medium sized companies are reluctant to install the necessary levels of automation and data capture because of the high capital expenditure necessary. This paper details the development of a monitoring system based on the use of off the shelf, low cost data acquisition hardware and software tools. The system is used to monitor a milk powder production plant. It supplies the necessary information to calculate yield defined specifically as gallons of milk per tonne of powder produced. This volume is calculated at 15-min intervals. Detailed information on utility, chemical, and energy usage rates is also acquired. This information is used to calculate accurately the costs per tonne of powder produced. All data are stored in a relational database, which facilitates historical trending and analysis of process efficiency. This powerful tool can evaluate performance of the process over an extended period and compare previous performances. Use of the collected data allowed an accurate economic evaluation of the milk powder process to be obtained. This system is a significant improvement over manual recording of data on logsheet and manual input of this data into a spreadsheet. (Key words: data acquisition, yield accounting, process control)
INTRODUCTION
The use of personal computers (PC) is much more common in the industrial automation market than it was a few years ago. A major shift has taken place in which closed proprietary automation systems and the rather expensive workstations are being replaced with open software environments, standard computers, and standard hardware measurement and control devices. Central to these developments has been the emergence of the Microsoft Windows (Microsoft Corp., Redmond, WA) family of operating systems for control applications (16) . They have become enormously popular because this product range delivers the ease of graphical computing not possible in command line based disk operating systems. While operating systems such as OS/2 (IBM Corp., White Plains, NY) must be ordered separately, members of the Windows group are shipped with virtually any PC sold. Similar to OS/2, Windows offers intuitive graphical user interfaces (GUI) (4), access to extended memory, multitasking and interprocess communications. This software also includes Microsoft's range of Windows-based services and its latest enabling technology, object linked embedding (OLE) 2, plus the recent development of OLE for process control (3, 14) . In comparison to OS/2, Windows operating systems support a broader spectrum of software.
The operating system of choice for supervisory control and data acquisition (SCADA) has become Windows NT (Microsoft Corp.). Windows NT was created for mission critical applications. The more popular Windows 95 (Microsoft Corp.) was designed for those users who require ease of configuration, less security, and most importantly, back-compatibility with existing 16-bit applications such that users can move from Windows 3.11 (Microsoft Corp.) to Windows 95. Although there is a slight performance decrease with Windows NT, due to the hardware abstraction layer needed by NT, this decrease is more than offset by the power of the Pentium (Intel Corp., Santa Clara, CA) processors. The most important features of NT for SCADA applications are 1) crash protection for 16-bit and 32-bit applications; 2) pre-emptive multitasking for 16-bit applications; 3) that NT has been designed to support different processor configurations such as symmetric multiprocessing and RISC (reduced instruction set computing)-based systems such as Alpha (Digital Equipment Corp., Maynard, MA), MIPS (MIPS Technologies, Inc., Mountain View, CA), and the PowerPC (IBM Corp.) (9) .
To be competitive in today's market place, food and beverage manufacturers must invest in automated manufacturing systems (1) . In the search for increased efficiency, plant operators want comprehensive realtime data in a form they can use to generate reports and plot trends. More operators are using SCADA packages to secure this goal (11) . Whatever the industry, such an investment demands confidence in both the cost-effectiveness and the reliability of the chosen solution. However SCADA systems vary greatly in initial costs and in the long-term flexibility they permit. When contemplating a solution that features a SCADA package, seven areas are to be considered (5) . These are 1) the time and cost involved in the initial specification; 2) the SCADA package to be selected; 3) SCADA package configuration; 4) the cost of the associated equipment, such as the platform on which to run the package, computer peripherals, data logging, and control equipment; 5) the long-term plans for the system; 6) overall budget; and 7) training.
Typically, a SCADA package comprises a number of tasks, covering functions such as timing, graphics displays, reporting, logging, networking, and interfacing to external systems. These tasks will work for data held in a real-time database (13) such as Industrial Sequel Server (Wonderware Corp., Irvine, CA). The push towards SCADA systems in the food industry is driven by the concept of optimization. The main objective is to maximize profit through optimized plant performance (15) . A wide range of factors affects any food manufacturing process. These include energy usage, chemical usage, product waste, and effluent discharge. The SCADA systems can increase the productivity of equipment and the yield of raw material by better control of all process parameters. Good control of process parameters leads to improved control of product quality. Process automation also improves the flexibility of operations by better and faster control of the start-up and shut-down phases, flow-rate modification, and product changeovers.
The objective of this project was to develop a data acquisition system or SCADA system, which would interact with the existing hardware infrastructure of the plant. The data captured were used to calculate the yield of the production process online, defined in terms of tonnes of powder produced per gallon of milk used.
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The test site for this project was Carbery Milk Products Ltd., Ballineen, County Cork, Republic of Ireland. The company was formed in 1965 and processes in excess of 320 million L of milk/yr. The company produces a wide range of products including Cheddar and Mozzarella cheeses, powdered food ingredients, butter, and alcohol. The milk powder plant at Carbery consists of a five-effect falling film evaporator and a spray drier. The powder produced is packed by two bagging lines into 25-kg or 1100-kg bags.
MATERIALS AND METHODS
The data acquisition hardware consisted of a signal conditioning extensions instrumentation (SCXI)-1200 (National Instruments Corp., Austin, Texas) multifunction data acquisition module and control board mounted in an SCXI-1000 chassis capable of holding up to three additional SCXI data acquisition modules. Software for the data acquisition system was developed in LabVIEW 4.0 (National Instruments Corp.) (6) running on Windows NT 4.0 (10). Microsoft Excel 95 (8) was used to analyze the data acquired by the system. A Microsoft Access 95 relational database (7) was used for data archiving. A structured query language (SQL) toolkit (National Instruments Corp.) (12) provided the software interface between Lab-VIEW and Access. The software ran on a Pentium 200 MHz PC (PC Pro, Cork, Ireland) with 64 MBytes of random access memory and a 1.4-GByte enhancedintegrated drive electronics hard drive. The PC was fitted with an additional parallel port to facilitate simultaneous connection of a printer and the SCXI system. The PC was connected to the factory local area network via a 3COM Ethernet card (3COM Corp., Santa Clara, California). The network ran under Novell NetWare version 3.12 (Novell Inc., South Provo, Utah).
Hardware
The hardware utilized for the system was based on an SCXI platform from National Instruments. The SCXI is a high performance signal conditioning, data acquisition, and control system designed for use in conjunction with a host PC. An SCXI system consists of multi-channel input-output (I-O) modules installed in one or more rugged chassis and a control card, which may be built into one of the modules mounted on the chassis or installed in the PC. It is possible to choose from a wide selection of analogue input, analogue output, and digital I-O configurations to match the specific requirements of the system. The current hardware configuration was based on an SCXI-1200 multifunction data acquisition and control module mounted in an SCXI-1000 chassis. The 1200 module has a 12-bit successive approximation analogue-to-digital converter with a sampling rate of 100,000 samples/s. The analogue inputs operate on a complementary metal oxide semiconductor analogue input multiplexer connected to eight analogue channels, which can be configured as eight single-ended inputs or four differential inputs. Voltage input range is software selectable from 0 to 10 V (unipolar) or ±5 V (bipolar). The software programmable gain amplifier on the analogue inputs has gain selections of 1, 2, 5, 10, 20, 50, and 100.
The SCXI-1200 has 24 digital I-O lines, configurable as three 8-bit ports for input, output, bidirectional, or handshaking modes. The digital I-O lines are transistor-transistor logic compatible. The SCXI-1200 has two double-buffered 12-bit digital-to-analogue converters that are connected to two analogue output channels. Each channel can be independently configured for unipolar (0 to 10 V) or bipolar (±5V) operation. The resolution of the 12-bit digital to analogue converter is 2.44 mV in both polarities. With the SCXI-1200 system, data transfer to the PC is via a parallel port interface.
One of the main advantages of the hardware selected for this work is expandability and flexibility. These are key criteria when developing low cost solutions for control requirements of the food industry. As the need for an increased number of signals to be captured grows or as enhanced parameter control grows, up to three additional SCXI modules can be added easily to the SCXI-1000 chassis to expand the capabilities of the system. Further expansion would require another chassis, which could be integrated easily into the system. It is possible to mix and match the SCXI modules to provide the most suitable and cost effective configuration for the particular application requirements whether monitoring temperature and pressure, capturing high speed waveforms, or both. Only one control module is required to control each chassis. Analogue input modules facilitate interfacing a variety of transducers and signals. Many of the SCXI modules provide further flexibility with per-channel configuration of conditioning and transducer type. A mixture of digital I-O, analogue output modules, and relay modules can be included in the SCXI system.
The system used offers 24 digital I-O plus up to eight analogue channels at less than half the price of a PLC Journal of Dairy Science Vol. 82, No. 9, 1999 able to communicate with a PC and allows use of the existing sensor environment.
Software
Software for the system was developed using Lab-VIEW from National Instruments. LabVIEW is one of the most widely used software packages for instrumentation and data acquisition applications. It is used for developing individually tailored software for data acquisition in laboratory environments. Lab-VIEW is available for system platforms such as Windows (Microsoft Corp.), Solaris (Sun Microsystems, Inc., Palo Alto, CA), Mac OS (Apple Computer, Inc., Cupertino, CA), and HP-UX (Hewlett-Packard, Palo Alto, CA). LabVIEW is an object oriented graphical programming environment, which facilitates rapid development of applications. Its patented programming language, G language, works without the use of traditional line coding. The programming is carried out graphically by connecting (wiring) icons representing program objects on screen. For this application Lab-VIEW for Windows NT was chosen.
Of major importance in industrial automation applications is openness and compatibility with a variety of applications and services. LabVIEW has a full 32-bit architecture. It takes full advantage of Windows 95 and Windows NT application and driver technologies. These products fully leverage open connectivity standards; such as OLE, transmission control protocol and internet protocol and open database connectivity and SQL, and dynamic data exchange; to facilitate ease of information exchange between applications and storage and retrieval of data.
LabVIEW offers user interface, I-O objects, data analysis, and connectivity to address applications such as data logging, SCADA, and direct proportional integral derivative control. The user interface tools in Lab-VIEW help to create intuitive graphical displays; including trend charts, pushbuttons, visual and audio alarms, and graphs; without having to draw controls from scratch. This feature is important in the development of human machine interface (HMI) applications. The HMI can be further customized with the Lab-VIEW picture control toolkit, or imported graphics created with other drawing packages can be used to present instrumentation symbols and system diagrams.
The data acquisition virtual instrument (VI) library has functions to acquire and output data with all plugin and remote data acquisition products from National Intruments. The plug-in boards are ideal for highspeed and direct control applications. Because of their lower cost, they significantly reduce the cost per chan-nel. LabVIEW also has drivers for industrial I-O devices such as programmable logic controllers (PLC), data loggers, and single loop controllers.
LabVIEW features powerful, comprehensive analysis libraries, which include statistics, evaluations, regressions, linear algebra, signal conditioning algorithms, time and frequency-domain algorithms, windowing routines, and digital filters. A wide variety of add-ons for LabVIEW are available to significantly increase its power and functionality. These include software toolkits for industrial automation and an SQL toolkit, signal process toolkit, digital design toolkit, and statistical process control toolkit. For the current system, the SQL toolkit was utilized to facilitate data transfer from LabVIEW to an Access database. The toolkit is a collection of functions for direct interaction with local or remote databases. The toolkit implements SQL, which is a set of commands used to describe, insert, and retrieve information in database tables. At a fraction of the costs for typical SCADA packages, the software used offered virtually unlimited I-O plus integrated report generation.
LabVIEW uses the computer monitor as a flexible HMI, providing for multiple screens, containing different sets of data in a much more user friendly form than the standard industrial control panels. Update of a LabVIEW-based SCADA system to include an extra display is simply by inserting a new display object in the front panel and connecting the appropriate data source to the display in the program diagram. This method saves considerable time and effort in software code modifications.
System Specification and Installation
The aims of this project were to develop a system that could calculate the yield of a skim milk powder production plant online and to monitor both energy and utility usage rates of the plant. The various parameters the system monitors are shown in Figure 1 . The data acquisition and SCADA system developed acts as a generic layer that sits on top of the existing plant equipment and hardware. The data required for yield calculations were monitored but not in a centralized manner or in a digital format to facilitate online yield accounting (2) . Various readings were distributed throughout the plant control room on mixed groups of displays. Readings were manually recorded onto standard logsheets by the operators at 2-h intervals. The system described here automated much of this data collection and facilitated online analysis and graphical representation of the data with only minor additions to the existing plant hardware. A variety of analogue (4 to 20 mA) and digital signals were acquired from Journal of Dairy Science Vol. 82, No. 9, 1999 Figure 1 . A block diagram illustrating the inputs and outputs of the milk powder production process, which was monitored by the data acquisition and supervisory and data acquisition (SCADA) system developed in the Carbery (Ballineen, County Cork, Ireland) milk powder plant. different signal sources. All signal acquisition points were wired to the SCXI-1200 module in a point-to-point configuration using multicore screened cabling located in the plant control room. Screened cabling was used throughout the plant to minimize background noise. All cables and ground lines were star grounded to prevent floating ground signals. Both the analogue and digital signal lines were wired into an SCXI-1302 terminal block directly attached to the SCXI-1200 interface. The SCXI-1200 was mounted in an SCXI-1000 chassis connected to a host computer via a parallel port cable.
Initially three analogue signal lines were monitored by the system, two from the powder silo load cells and one from an inline conductivity meter. Signals from load cells installed in the powder silos varied from 0 to 5 V, representing a weight range of 0 to 50 tonnes.
The conductivity in milli-Siemans was read from the analogue output on the control unit of the meter. This signal was 0 to 10 V, representing a conductivity range from 0 to 200 mS. All three analogue signals were connected directly to the module without any prior signal conditioning or scaling. The referenced single-ended inputs method used ground as the reference point.
Many of the plant devices have on-off indicators with on or high values of 24, 48, or 124 V. These signals could not be connected directly to an SCXI module, which can only accept digital high values of 5 V. Therefore, interface relays were utilized to produce compatible digital values of 0 or 5 V. Upon activation of the relay, the signal line is connected directly to the 5-V supply line, which is wired directly to the SCXI unit.
When off, the signal line is grounded to prevent floating of the signal line, which can result in ghost high signals.
The flow rate of milk into the evaporator was measured with a magnetic flowmeter (Danfoss A/S, Nordborg, Denmark). The output of the flowmeter was connected to one of the digital inputs on the SCXI module. The meter produced a digital pulse for every 10 gallons throughput. The pulses were counted in software, and the total throughput for a given period of time was calculated.
Additional wiring was then installed to monitor all signals relating to energy and utility usage by the plant. Readings were obtained from the steam meter and the kilowatt-hour meter. The steam meter produced a digital pulse for every 4.53 kg (10 lbs.) of steam passing through it. Water usage was monitored with two flow meters, one located on the inlet to the evaporator balance tank and a second on the concentrate tank. A mass flow meter (Danfoss A/S, Nordborg, Denmark) located at the outlet of the evaporator transmitted a density value via a 0-to 20-mA analogue output. This signal was converted to a 0-to 5-V signal corresponding to a 0.1-to 2.9-kg/m 3 range and was monitored via an analogue input of the SCXI board.
Software Development
The programming environment of choice for this project was LabVIEW. The graphical programming language environment enables computer literate people to develop applications after only a short time of familiarization. For the user, programming in LabVIEW consists of calling pictorial functions and variables, which are linked or wired together as required to form programs. In each program, the inputs and outputs are wired to an icon. This icon can be used in the same way as other function icons to run one program from within another, its information accessed by wiring the icon into the calling program. These subprograms of LabVIEW are known as sub-VI. An example of a sub-VI used in the system is shown in Figure 2 .
The program structure consists of one top-level program that controls the overall operation of the system, calling its subprograms (sub-VI) when required. There are often many levels of programs with different groups of tasks being carried out at each level. Many of the subprograms are not linked directly to the control program but run through several levels of the hierarchy. Use of hierarchical structure facilitates easier debugging of a large and complicated program, as the nature of the problem is often sufficiently transparent to determine which subprogram contains the fault. As none of the blocks of code are individually large, this structure simplifies the task of identifying and fixing the problem at its source. It is also relatively simple to rewrite a particular routine without having to change the entire system to incorporate the changes.
Careful consideration was given to the design of the HMI for the system. A combination of virtual instrument displays, plant mimics, and trend graphs were merged together to create a clear and intuitive set of graphical displays for the plant operators. The program had one main screen that displayed all the relevant data on the status of the skim milk plant (see Figure  3) . The central feature of the display was a simplified mimic that displayed the functional status of the plant. A series of buttons located along the bottom of the HMI were for the user to navigate among the various subdisplays. Trend graphs showing various parameters such as yield, powder and silo contents, electricity and steam usage were available with the click of a mouse button (see Figure 4) .
The front panel is the main display for the system and the interface for the operator. On the front panel is a series of status indicators that inform the operator which liquid is currently running through the plant. Four possibilities exist: milk, water, caustic or acid. The status button is green for a particular liquid when it is on plant and is gray when it is not being used. Nine buttons are located along the bottom of the screen, which are used to navigate the operator through a series of screens giving more detailed information on various aspects of the plant such as powder production and milk throughput. Online operating procedures for the plant are also available, together with help buttons.
The operator's control over the actual running of the program is limited to the reset button and to the make entry button to enable transfer of data to the relational database (see Figure 3) . The reset button reinitializes all data variables to zero. To reset is necessary before a new production run can be initiated. The make entry button (function key, F8) adds the actual values to the database and resets them to zero. Selection of the database button (function key, F7) opens a subscreen that allows the user to select historical trending using the data stored in the Access database. The database can also be opened via the HMI by selection of the open database button on this screen. A switchboard type menu is presented to the user which acts as the GUI of the Access database (see Figure 5 ). The switchboard facilitates navigation through the built-in functions such as report generation, cost calculation, and display of production data on a daily, weekly, monthly, or annual basis. The user has the option to change unit costs such as price of milk, which may change during the year. In addition, the database subscreen offers the user the option of report generation and printing a daily report selected via the print daily report button. In any factory environment the problem of signal noise is significant and must be appropriately addressed. Signal noise problems were encountered during the initial hardware installation but at a level that could be successfully addressed through software filtering. Noise on the analogue signals was attributed to environmental sources and main power supply frequency noise. Software filtering of signals was used throughout to address this problem. Boxcar averaging was the method of choice with filter windows ranging from 5 to 50 points.
A sub-VI was written, which monitored the conductivity sensor of the plant and determined from this value whether milk, water, or cleaning in place (CIP) solution was passing through the flowmeter into the evaporator. This program is necessary because when the plant is in transition from production to CIP, the conductivity falls within the conductivity range of milk and results in inaccurate cumulative milk volume readings. The program operates on the following set of simple rules: if the conductivity is less than 2 mS, then water is present; a conductivity range between 2 mS and 10 mS indicates milk in the pipeline. If the conductivity is between 10 mS and 75 mS then caustic is Journal of Dairy Science Vol. 82, No. 9, 1999 present; and if the conductivity is greater than 75 mS, acid is present. The exceptions to these rules are if the conductivity is between 2 mS and 10 mS, but the last record shows acid or caustic, then water is recorded instead of milk; if the conductivity is between 2 mS and 10 mS, but the last value shows water and the previous value shows caustic then water is recorded instead of milk. Additionally, there is a CIP button, which the operator presses when running a caustic or acid wash. This element of expert intelligence incorporated into the system ensures accurate recording of the milk volumes used at the plant.
The throughput of the bagging lines was monitored via digital counters provided by PLC. There are two bagging lines in the plant, one for 25-kg bags and a second for 1100-kg bags. A sub-VI program counts the number of times this signal changes from low to high and totals the number of bags filled.
Level sensors in the hoppers on the bagging line were used to calculate the amount of powder in the hopper. Each hopper is fitted with two level sensors: one indicates a high level reading and the second a low level reading. The difference between the two levels is 150 kg.
At the start of each production run the system checks and stores values for the amount of powder in the silos, the hoppers, and the number of bags (which will be zero). When yield calculation is being carried out, the system checks the amount of powder in the silos and hoppers and the total number of bags produced. From these values the total amount of powder is calculated. This value is adjusted by subtracting the amount of powder present at start-up resulting in an accurate value for the total amount of powder produced. The total amount of powder produced is then used to calculate the yield, which is updated to the screen at 15-min intervals.
Milk throughput in the plant is measured with a magnetic flow meter, which is fitted close to the evaporator inlet. A dedicated sub-VI counts the digital pulses from the meter and converts these readings into milk volumes. The measured milk volume is combined with the amount of powder produced to calculate the yield.
Data storage was initially in spreadsheet format with a tab delimiter. A data file was automatically generated for each new production run. The file name was a combination of the day, date, and year and was saved to a network drive. The data saved was written to the sheet at 15-min intervals and included the calculated yield, powder produced, gallons of milk used, and energy and utility usage.
The system also facilitates the input and storage of in process laboratory data for each production batch. The results for moisture, density, and solubility index are manually inputted by the operators via the GUI (laboratory results, function key F9). This information is included in the relational database for historical trending. Trends of the in process laboratory results are available to the operators. This information can be very useful in indicating whether the process is operating within specification, and, if not, it ensures timely corrective action will be taken by the operators. This data further augments the comprehensive information available to both the operators and production manager.
RESULTS AND DISCUSSION
The system developed in Carbery has made a significant impact on the process data capture facilities of the plant. A significant element of the process data recording has now been automated and augmented by the provision of online data analysis and report generation. Comprehensive logging of process data is now available and is a significant improvement over the previous manual logsheet system. The LabVIEW pro- gram incorporates the functionality of a soft PLC (i.e., a computer-based controller software with PLC-typical programmability) and a typical SCADA application at a considerably lower cost. The current emphasis of the system is on data capture rather than on direct control. The hardware and software installed forms a generic layer interacting with the existing plant systems adding additional functionality without the need for significant capital investment. There is also no requirement for expensive and time consuming programming of a PLC. The system logic can easily be changed within the LabVIEW environment.
A significant element of the data logging system is dedicated to yield accounting. During production the system provides real-time information to the operators on the current yield and historical yield values. These values can be used to indicate whether the plant is operating within defined specifications. Variations in the yield can indicate a potential problem within the production process. Future efforts involving optimization of plant performance will be easier to evaluate as comprehensive process records will be available and can easily indicate whether a change to the plant has been successful or not.
The availability of the process data of the plant network from a centralized database has been extremely useful at various levels within the company. The plant supervisor now has the necessary information available, via a computer in his office, to generate weekly production reports comprehensively and efficiently. Many of the standard reports can be automatically generated by the system. The manager also has the facility to compare and contrast plant performance over any desired time frame. This option is a significant timesaving feature for the production manager, which simultaneously improves both the efficiency and performance of the plant. The production data is also easily accessible at the management and planning levels within the company via the plant local area network. The information held within the database could be used to form the basis of a statistical process control system for the plant.
The intuitive and simple HMI of the system has made its implementation with the plant operators a relatively easy task. Only two operations require direct interaction between the system and the operators. The reset button must be pushed before the start of each production cycle, and second, the CIP button must be pushed before CIP cycle is started. All other tasks are software controlled. However, if required, all plant information is available to operators via a simple mouse click.
The next phase of the project will involve developing an improved control system for the evaporator. A number of potential solutions are being examined such as neural networks and fuzzy logic. The International Standards Organization 9000ff procedures for the operation of the plant may be made available online, accessible through the data capture system. This add-on would make it much easier for the operators to access and update the information required in the day-to-day running of the plant. Optimization of the operation and production of the plant, through analysis of acquired data, will be investigated. This step would involve studying the laboratory results, yield, and usage figures for the system, as well as the plant parameters, to determine the optimum operating conditions and then implementing control strategy based on this analysis.
The system described forms the basis for a batch record system. However to fully realize this goal, a comprehensive digitized labeling system must be introduced. Product traceability has become a primary goal for many food companies. For any given batch of product all relevant data such as laboratory results, barcodes, and process values should be amalgamated and stored in an appropriate file format, normally an industrial grade relational database. This approach to centralized data storage facilitates improved traceability, which is of vital importance when problems arise with individual product batches. With respect to International Standards Organization 9000ff procedures, the database can Journal of Dairy Science Vol. 82, No. 9, 1999 be used to simplify elements of the total quality management. It also offers an opportunity to trace the efficiency of energy consumption over extensive production cycles.
CONCLUSIONS
The developing food industry is faced with evergreater demands for accountability and traceability in its manufacturing procedures. These demands come from a variety of sources; from nutritional information needed by consumers, through economic evaluation parameters driven by investors, from environmental impact information as required by relevant agencies. These sources all represent various levels of monitoring in a dairy or food manufacturing facility, monitoring that can only be effected by interaction and interface with various levels of inline sensors, transducers, and data capture systems. Each of these units or sources of information have a unique form of data (digital or analogue, for example) with as many forms of protocols to transmit this data to a recording platform. The system outlined in this paper permits the dairy manufacturer to comply with the new layers of regulation and product or process traceability. It permits the manufacturer to access sensors (pH, temperature, flowmeters, and load cells) or control systems (PLC and PC systems) by using a standard platform with a readily available set of drivers for each data unit being accessed. Thus, system, process, and product attributes can be accessed, analyzed, and archived as necessary and, more importantly, used as a basis for control and optimization within the dairy manufacturing plant. A similar approach is currently in use in a cheese-manufacturing environment, which shall be reported in a later paper.
